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 Abstract 
Two-dimensional (2D) transition metal dichalcogenides (TMDCs) MX2 (M=W, Mo, Nb, 
and X=Te, Se, S) with strong spin-orbit coupling (SOC) possess plenty of novel physics 
including superconductivity. Due to the Ising SOC, monolayer NbSe2 and gated MoS2 of 
2H structure can realize the Ising superconductivity phase, which manifests itself with in-
plane upper critical field far exceeding Pauli paramagnetic limit. Surprisingly, we find that 
a few-layer 1Td structure MoTe2 also exhibits an in-plane upper critical field (ࡴࢉ૛,∥) which 
goes beyond the Pauli paramagnetic limit. Importantly, the in-plane upper critical field 
shows an emergent two-fold symmetry which is different from the isotropic ࡴࢉ૛,∥ in 2H 
structure TMDCs. We show that this is a result of an asymmetric SOC in 1Td structure 
TMDCs. The asymmetric SOC is very strong and estimated to be on the order of tens of 
meV. Our work provides the first transport evidence of a new type of asymmetric SOC in 
TMDCs which may give rise to novel superconducting and spin transport properties. 
Moreover, our findings mostly depend on the symmetry of the crystal and apply to a whole 
class of 1Td TMDCs such as 1Td-WTe2 which is under intense study due to its topological 
properties. 
In conventional BCS singlet superconductor, the external magnetic field becomes detrimental to 
the superconductivity state through orbital depairing effect and Pauli paramagnetism1. In the 2D 
atomically thin superconductor, the orbital effect is suppressed and Pauli paramagnetism plays 
the dominant role when an in-plane magnetic field is applied. The effect of in-plane magnetic 
field on the 2D superconductor is recently studied in the superconducting 2H type transition 
metal dichalcogenides (TMDCs), including gated MoS22,3, 2D NbSe24,5, and monolayer TaS26. 
Interestingly, the in-plane upper critical field (ܪ௖ଶ,∥) is observed to be strongly enhanced beyond 
the Pauli paramagnetic limit7,8. The large enhancement of ܪ௖ଶ,∥ in the 2H TMDCs originates 
from the strong Ising SOC due to the breaking of an in-plane mirror symmetry and the presence 
of the out-of-plane mirror symmetry in the crystal structure. As electron spins are pinned to the 
out-of-plane directions, this phenomenon is named Ising superconductivity. Ising 
superconductivity2-4 with its promising applications in equal spin Andreev reflections9, proximity 
phenomenon10, engineering Majorana fermions9,11,12, and topological superconductivity13,14 has 
sparked intense research interest in condensed matter physics. So far, the study of SOC effect on 
superconductivity in TMDCs is limited to the Ising SOC. In this work, we systematically study 
the superconducting few-layer 1Td-MoTe2. A few-layer 1Td-MoTe2, unlike its 2H structure 
counterparts, breaks both the in-plane mirror symmetry and out-of-plane mirror symmetry. We 
show that the resulting SOC is asymmetric in the three spatial directions. By combining the low-
temperature transport measurements and self-consistent mean-field calculations, we demonstrate 
that the in-plane upper critical field in the superconducting few-layer 1Td-MoTe2 exceeds the 
Pauli limit in the whole in-plane directions. Importantly, we theoretically predicted and 
experimentally verified that the in-plane upper critical field shows an emergent two-fold 
symmetry due to the new type of anisotropic SOC. From the experimental data, we further 
estimated that the SOC strength is on the orders of tens of meV which is also consistent with the 
results of our first-principle calculations. Our work gives clear evidence that anisotropic SOC 
plays an important role in determining the properties of superconductivity in MoTe2. 
In our experiment, the high crystalline few-layer MoTe2 crystals were produced by molten-salt 
assisted chemical vapor deposition (CVD) method15,16 (see details in the Materials and Methods 
section and Supplementary Figure S1).  The optical images of the as-synthesized MoTe2 layers 
with different thicknesses are shown in Fig. 1a. Similar to our previous results15, the mono- and 
few-layer MoTe2 can have a size up to 100 µm with a rectangular shape. Figure 1b shows the 
Raman spectra of the as-synthesized MoTe2 with different layers, where we ascribe the Ag 
modes at 127, 161, and 267 cm-1 to 1Td-MoTe2, which is further supported by the following 
STEM measurements. Note that the Ag mode located at 267 cm-1 shows a blue-shift with 
increasing sample thickness, which is similar to the Raman shift in other 2D materials such as 
MoS217 and WS218. 
The atomic structure of few-layer MoTe2 is further characterized by annular dark-field (ADF) 
scanning transmission electron microscopy imaging (STEM). Figure 1c shows the atom-resolved 
STEM image of few-layer MoTe2 in large scale (see Supplementary Figure S2a, b for the 
chemical purity verified by energy dispersive X-ray spectra). The 1Td phase and 1T' phase share 
the same in-plane crystal structure (Supplementary Figure S2c), but the two structures have 
different stacking. The 1T' crystallizes in monoclinic shape and keeps the global inversion center, 
while the 1Td phase has the vertical stacking and belongs to the non-centrosymmetric space 
group Pmn21, as shown by the atomic models in Fig. 1c. Therefore, the projection of the 
scattering potential is different in these two phases and can be distinguished by their STEM 
images. At room temperature, bulk MoTe2 usually crystalized in the monoclinic 1T' phase. By 
comparing the simulated images both in 1Td and 1T' phase shown in Fig. 1c, we unambiguously 
found that the few-layer MoTe2 is in the 1Td phase rather than the bulk 1T' phase at room 
temperature. This is different from the previous reports19,20 where the 1Td phase only occurs at 
temperature below 200 K. Additionally, the temperature dependence of Raman spectra and sheet 
resistance shown in Fig. S3 also confirm the few-layer MoTe2 is in the Td-phase, i.e., no phase 
transition is observed as lowering down the temperature. Therefore, the 1Td phase could be the 
intrinsic feature of the CVD-grown few-layer MoTe2, which is presumably caused by the 
reduced thickness of MoTe221. 
Figure 1d shows the temperature dependence of the normalized four-terminal sheet resistance 
(R/R300 K), measured at zero magnetic field, for MoTe2 films with thickness from 2 nm to 30 nm 
(See Supplementary Figure S4 for raw data). At high temperatures, all samples measured show a 
metallic behavior with dR/dT > 0, indicating that the phonon scattering dominates the transport. 
As the temperature is further lowered, the samples enter a disorder-limited transport regime prior 
to the eventual superconducting state. The residual resistance ratio, RRR ൌ ܴଷ଴଴୏ ܴ୬⁄  with R300K 
the room-temperature sheet resistance and Rn the normal-state sheet resistance right above the 
superconducting transition, varies from 1.15 of the 2.0-nm-thick to 2.33 of the 30-nm-thick 
MoTe2 crystals (Supplementary Table 1). However, the largest sheet resistance  ܴ୬ ൌ ܴହ୏ ൌ
810  Ω□ -1 found in the 2.0-nm-thick device is much smaller than the quantum resistance 
RQ=h/(2e)2=6,450 Ω, suggesting that our samples are all in the low-disorder regime22.  
At low temperatures, superconductivity is observed for all samples. To examine the thickness-
dependent superconductivity, in the inset of Fig. 1d we show the temperature dependence of the 
reduced resistance, ݎ ൌ ܴ ܴ୬⁄ ൌ ܴ ܴହ୏⁄ ,  in a low-temperature regime (T  5.5 K) for samples 
with different thickness. Empirically, critical transition temperatures for the superconductivity, 
Tc,r, can be extracted from the	ܴ	vs	ܶ curve. This is realized by picking up the points firstly 
encountered with the predefined reduced resistance r from the normal state into the 
superconducting state. Such transition temperatures, extracted at typical values ݎ=0, 0.5，and 
0.9, are listed in supplementary Table S1 for our samples with different thickness. It is found that, 
Tc,0 increase from 0.35 K to 3.16 K with increasing sample thickness from 2 nm to 30 nm, and 
the Tc,0 values of our samples are surprisingly higher than Tc,0 ~ 0.1 K as reported in 
stoichiometric bulk MoTe220. In bulk MoTe2, Te-vacancy-enhanced superconductivity has been 
previously reported16 with the highest Tc,0 ~ 1.3 K, which is still much lower than Tc,0 = 3.16 K 
observed in our 30-nm-thick MoTe2 crystals. In addition, a significant broadening on 
superconducting transition are observed for 2-nm-thick device, which can be attributed to the 
enhanced thermal fluctuations in two dimensions1,23; similar behaviors have been observed  in 
few-layer Mo2C24 and NbSe24,25 superconductors reported recently.  
The few-layer MoTe2 crystals provide an ideal platform to study their transport properties in the 
2D limit. To investigate the dimensionality of the superconductivity in few-layer MoTe2, we 
firstly studied the temperature dependence of the upper critical magnetic field ߤ଴ܪ௖ଶ, which is 
defined as the magnetic field corresponding to a predefined reduced resistance r=R/Rn=0.5. 
Figure 2a,b show the superconducting resistive transitions of a 8.6-nm-thick MoTe2 device with 
the magnetic field perpendicular and parallel to the sample surface, respectively, measured at 
fixed temperatures. In both cases, one can see that the superconducting transition shifts gradually 
to lower magnetic fields with the increase of temperature. The temperature-dependent upper 
critical fields in directions parallel and perpendicular to the sample surface, denoted by ߤ଴ܪ௖ଶ,∥ 
and ߤ଴ܪ௖ଶ,ୄ respectively, are plotted in Fig. 2c. We found that the superconductivity was more 
susceptible to perpendicular magnetic fields than to parallel magnetic fields, and a large ratio of 
ܪ௖ଶ,∥/ܪ௖ଶ,ୄ ൎ 7	 is obtained in the 8.6-nm-thick sample, indicating a strong magnetic anisotropy. 
This is true for all samples, and the ratio reaches up to 26 for 2.7-nm-thick sample (see 
Supplementary Figure S5 for more samples). A linear temperature dependence was observed for 
ܪ௖ଶ,ୄ, which can be well fitted by the phenomenological 2D Ginzburg-Landau (GL) theory1, 
ܪ௖ଶ,ୄሺܶሻ ൌ థబଶగకಸಽమ ൬1 െ
்
೎்,బ
൰                                          (1) 
where ߦୋ୐  is the zero-temperature GL in-plane coherence length and ߶଴ is the magnetic flux 
quantum，as shown by the blue dashed line in Fig. 2c that gives ߦୋ୐ ൌ 20.79  nm  (See 
Supplementary Table S1 for more data on samples with different thickness). Compared with the 
sample thickness of 8.6 nm as measured by AMF (Supplementary Figure S5f), the coherence 
length ߦୋ୐ ൌ 20.79	nm is approximately two times of the thickness, indicating that the depairing 
effect from the orbital magnetic field is strongly suppressed. As a result, the in-plane magnetic 
field induced paramagnetism determines ܪ௖ଶ,∥ሺܶሻ .  
The 2D behavior of the superconducting few-layer MoTe2 is further confirmed by the 
experiments with tilted magnetic field. Figure 2d shows the magnetic field dependence of the 
sheet resistance R under different θ at 0.3 K, where θ is the tilted angle between the normal of the 
sample plane and the direction of the applied magnetic field (the inset of Fig. 2c). Clearly, the 
superconducting transition shifts to higher field with the external magnetic field rotating from 
perpendicular θ=0º to parallel θ=90º (See Supplementary Figure S6 for more data on different 
MoTe2 samples). The upper critical field ߤ଴ܪ௖ଶ  was extracted from Fig. 2d and plotted in Fig. 2e 
as a function of the tilted angle θ. In Fig. 2e, a cusp-like peak is clearly observed at θ=90º where 
the external magnetic field is aligned in parallel to the sample surface, which is apparently 
sharper for thinner sample (Supplementary Figure S6). Curves fitted with the 2D Tinkham 
model1 and 3D anisotropic Ginzburg-Landau model shows the data consistence with both models 
for θ<85ºand θ>95º, whereas for 85º<θ<95º the cusp-shaped dependence can only be explained 
with the 2D Tinkham model. It shows that our superconducting few-layer MoTe2 manifests the 
2D nature of the superconductivity. For a 2D superconductor with ݀௦௖ ≪ ߦୋ୐ , the V-I 
dependence as a function of temperatures is measured and shown in Fig. 2f. The Berezinskii-
Kosterlitz-Thouless temperature is estimated to be TBKT =1.47K, only slightly larger than Tc,0 = 
1.4 K of the sample. With the above evidences, the 2D superconductivity is convincingly 
confirmed in our few-layer 1Td-MoTe2 samples.  
Now we turn to discuss the most important findings of our experiments, i.e., the observation of 
the in-plane upper critical field (ܪ௖ଶ,∥ ) beyond the Pauli limit and the emergent two-fold 
symmetry of ܪ௖ଶ,∥ . In conventional Bardeen-Cooper Schrieffer (BCS) superconductors, 
sufficiently high external magnetic field can destroy the superconductivity by breaking Cooper 
pairs via the coexisting orbital1,26 and Zeeman spin splitting effect7,8. For the few-layer sample, 
the orbital effect of the in-plane magnetic field is greatly suppressed due to the reduced 
dimensionality1, and consequently ܪ௖ଶ,∥  is solely determined by the interaction between the 
external magnetic field and the spin of the electrons. When the magnetization energy gained 
from the applied magnetic field approaches the superconducting condensation energy, the 
Cooper pairs are broken and superconductivity is destroyed at the characteristic field given by 
the Clogston-Chandrasekhar7 or Pauli paramagnetic limit ܪ௣ ൌ √2∆଴ ሺ݃ൗ ߤ஻ሻ,  where 
∆0=1.76kBTc, g  as the g factor and ߤ஻ as the Bohr magneton. The observation of the ܪ௖ଶ,∥ in our 
few-layer MoTe2 is summarized in Fig. 3 for different samples. Figure 3a displays the 
superconducting transition in 1Td-MoTe2 devices with various thicknesses under in-plane 
magnetic field measured at 0.3 K. Clearly, the superconductivity in 1Td-MoTe2 can persist to 
higher in-plane magnetic field as the thickness is lowered down. From Figs. 3b and c, it can be 
seen that the values of ܪ௖ଶ,∥ for the six typical samples with different thicknesses are all larger 
than ܪ௣, in marked contrast to their  bulk counterpart that is well below the ܪ௣20. More generally, 
the magnetic field dependence of the sheet resistance of a 3-nm thick MoTe2 sample is further 
measured at T=0.3K (T=0.07Tc) with different in-plane tilted angle ߮ as shown in Fig. 4a (see 
Supplementary Figure S8 for T = 0.3 Tc, 0.6 Tc,  and 0.95 Tc). Surprisingly, an emergent two-fold 
symmetry of ܪ௖ଶ,∥ has been observed in few-layer 1Td-MoTe2 with the ܪ௖ଶ,∥ beyond ܪ௣ in all 
the in-plane directions as shown in Fig. 4b. As the magnetic field tilted from y-axis (߮ = 0˚) to x-
axis (߮= 90˚) (the relation between the x- and y- axis and the crystal axis is shown in the 
Supplementary Fig. S9), we can see that the superconducting transition moves from higher field 
to lower field. From the low temperature (T=0.07Tc) to the temperature near Tc, the observed 2-
fold symmetry ܪ௖ଶ,∥  stays robust. The emergent 2-fold symmetry observation in ܪ௖ଶ,∥  which 
exceeds ܪ௣  at low temperatures is in sharp contrast with the standard BCS prediction and 
becomes highly nontrivial.  
Similar anomalous enhancement of ܪ௖ଶ,∥ has been observed in layered superconductors in the 
dirty limit with strong spin-orbital coupling (SOC), which can be explained by spin–orbit 
scattering27-32 (SOS) effect using the microscopic Klemm-Luther-Beasley (LKB) theory31. 
However, the SOS mechanism is inadequate to interpret our data because the samples are in the 
low-disorder regime as discussed earlier. It is known that inhomogeneous superconducting states, 
such as Fulde–Ferrell–Larkin–Ovchinnikov (FFLO) state33-36 or helical state37, can also 
enhance ܪ௖ଶ,∥ , which have been observed in heavy Fermion superconductors32, organic 
superconductors38,39, and monolayer Pb films40. However, for superconductors induced by FFLO 
state, the theoretical value38 of ܪ௖ଶ,∥ ܪ௣⁄  is in the range of 1.5~2.5, smaller than the observed 
value of 2.8 in our 2.7-nm-thick sample. Moreover, the FFLO characteristic upturn33-35 of 
ܪ௖ଶ,∥ሺ ௖ܶሻ at low temperature is missing in our experimental data as shown in Fig. 3c. Therefore, 
the FFLO state can be ruled out.  
Recently in monolayer NbSe2 and gated MoS2 superconductor, the anomalous enhancement of 
ܪ௖ଶ,∥  beyond ܪ௣  has been interpreted by the Ising SOC protected Ising superconductivity 
mechanism2-4. A monolayer TMDCs with 2H structure possesses an out-of-plane mirror 
symmetry, whereas the in-plane inversion symmetry is broken. The mirror symmetry restricts the 
crystal field (ε) to the plane, while the inversion symmetry breaking can induce strong SOC 
splitting, giving rise to an effective Zeeman-like magnetic field ܪୱ୭ሺkሻ ∝ k ൈ ε (~100 T for 
gated MoS2 and ~660 T for NbSe2) with opposite out-of-plane direction at the K and –K valleys 
of the Brillouin zone42. Thus the electron spins are pinned along the out-of-plane directions, and 
they are antiparallel to each other for electrons with opposite momenta; that is to say, spins of 
electrons of Cooper pairs are polarized by the large out-of-plane effective Zeeman field and thus 
becomes insensitive to the external in-plane magnetic field, which results in the enhancement of 
in-plane ܪ௖ଶ,∥. However, in few-layer MoTe2, the absence of out-of-plane mirror symmetry gives 
rise to a more complicated SOC field beyond the Ising SOC. 
In order to fully understand the experimental results in the few-layer 1Td-MoTe2, we focus on 
the 1Td-MoTe2 bilayer and construct an effective model from the symmetry point of view. The 
crystal structure of bilayer 1Td-MoTe2 is shown in Fig. S9 and it has the same symmetry 
properties as bulk crystals where only the mirror symmetry in the y direction is preserved, while 
both the out-of-plane mirror symmetry and the in-plane mirror symmetry in the x direction are 
broken. Since the bilayer 1Td-MoTe2 respects the time reversal symmetry and the mirror 
symmetry in the y direction (Supplementary Figure S9), the spin-orbit coupling at the Fermi 
level is restricted to an effective form ܪsoc ൌ ࢍ ∙ ࣌ with ࢍ ൌ ሺݔଵ sin ߮ , ݕଵ cos ߮ , ݖଵ sin ߮ሻ in the 
first order (the complete form is derived in the Supplementary Information), where ߮ is the polar 
angle for the Fermi wave vector. In the bilayer 1Td-MoTe2, the breaking of in-plane mirror 
symmetry in the x direction generates the out-of-plane Ising component ݃௭, and the breaking of 
the out-of-plane mirror symmetry gives rise to the anisotropic in-plane components ൫݃௫, ݃௬൯ of 
the SOC. As a result, all the three components of SOC exist in the bilayer 1Td-MoTe2. Similar to 
2H structure TMDCs, ݃௭ strongly enhances in-plane ܪ௖ଶ. Interestingly, the in-plane anisotropic 
SOC will give rise to a two-fold symmetry in in-plane ܪ௖ଶ as discussed below. 
To quantitatively validate the asymmetric SOC enhanced upper critical field, we calculate the in-
plane spin susceptibility (see Supplementary Figure S10 and the calculation procedure). At the 
zero temperature limit, the superconductivity normal metal transition driven by in-plane 
magnetic field occurs when ଵଶ ଴ܰΔ଴ଶ ൅
ଵ
ଶ ߯௦ܪ∥ଶ ൌ
ଵ
ଶ ߯ேܪ∥ଶ , where the two sides of the equation 
correspond to the energy for the superconducting state and the normal state respectively. Here ߯௦ 
and ߯ே  denote the spin susceptibility of the superconducting state and the normal state 
respectively, and ଴ܰ is the density of states at the Fermi level. In the presence of the spin-orbit 
coupling, the superconducting spin susceptibility has a finite value as is seen from Fig. 4c. The 
enhancement of the in-plane ܪ௖ଶ by the spin-orbit coupling field becomes understandable since 
ܪ௖ଶሺ߮ሻ ൌ ට ேబఞಿିఞೞ Δ଴. The two-fold angle dependence of ܪ௖ଶ is also consistently explained by 
the anisotropic in-plane spin susceptibility ߯௦ shown in the inset of Fig. 4c. In Fig. 4b, the in-
plane ܪ௖ଶሺ߮ሻ at zero temperature with two-fold symmetry is plotted with the SOC field at the 
Fermi level ࢍ ൌ ݇஻ ௖ܶሺ49 sin ߮ , 68 cos ߮ , 67 sin ߮ሻ  and fits well with the experimental data 
measured at the temperature T = 0.07 Tc. As ݇஻ ௖ܶ is about 0.345meV, the SOC field strengths 
are in the order of tens of meV which are in good agreement with the spin bands splitting shown 
from the first principle calculation (see Supplementary Figure S10). The mean-field calculations 
for the pairing order parameter dependence on the in-plane magnetic field along x and y 
directions are further carried out to obtain the magnetic field – temperature phase diagram as 
shown in Fig. 4d and e. The ܪ௖ଶ  along x and y directions has strong anisotropy from zero 
temperature to near Tc and shows the same trend as the experimental data measured in high 
temperature in Fig. 4b.   
In summary, for the first time, we demonstrate that the properties of the superconducting state of 
1Td-MoTe2 are strongly affected by a new type of asymmetric SOC which is in the order of tens 
of meV. Such strong SOC will create strong triplet pairing correlations in the material and may 
affect the pairing symmetry as well. Due to its large magnitude, the SOC may also have effects 
on the normal state spin transport of the system43-45. Importantly, the finding of the asymmetric 
SOC mostly depends on the symmetry of the crystal and similar asymmetric SOC are expected 
to exist in other 1Td structure TMDCs such as the recently well studied 1Td-WTe2.  Our findings 
on the new type of asymmetric SOC in 1Td-MoTe2 are expected to promote further studies on 
the exotic superconducting and normal state phenomena in TMDCs.  
Materials and Methods 
CVD synthesis of highly crystalline few-layer MoTe2. The few-layer MoTe2 samples were 
synthesized via CVD method inside a furnace with a 1 inch diameter quartz tube. Specifically, 
one alumina boat containing precursor powder (NaCl: MoO3=1:5) was put in the center of the 
tube. Si substrate with a 285 nm thick SiO2 on top was placed on the alumina boat with polished 
side faced down. Another alumina boat containing Te powder was put on the upstream side of 
quartz tube at a temperature of about 450 oC. Mixed gas of H2/Ar with a flow rate of 15/80 sccm 
was used as the carrier gas. The furnace was ramped to 700 oC at a rate of 50 oC/min and held 
there for about 4 min to allow the growth of few-layer MoTe2 crystals. After the reaction, the 
temperature was naturally cooled down to room temperature. All reagents were purchased from 
Alfa Aesar with purity exceeding 99%. 
 Raman Characterization. Raman measurements with an excitation laser of 532 nm were 
performed using a WITEC alpha 300R Confocal Raman system. Before the characterization, the 
system was calibrated with the Raman peak of Si at 520 cm-1. The laser power is less than 1 mW 
to avoid overheating of the samples. 
TEM and STEM Characterization. The STEM samples were prepared with a poly (methyl 
methacrylate) (PMMA) assisted method. A layer of PMMA of about 1 µm thick was firstly spin-
coated on the wafer with MoTe2 samples deposited, and then baked at 180 °C for 3min. The 
wafer was then immersed in NaOH solution (1M) overnight to etch the SiO2 layer. After lift-off, 
the PMMA/MoTe2 film was transferred into distilled (DI) water for several cycles to rinse off the 
residual contaminants, and then it was fished by a TEM grid (Quantifoil Au grid). The 
transferred specimen was dried naturally in ambient environment, and then dropped into acetone 
overnight to dissolve the PMMA coating layers. The STEM imaging on MoTe2 were performed 
on a JEOL 2100F with a cold field-emission gun and a DELTA aberration corrector operating at 
60 kV. A Gatan GIF Quantum was used to record the EELS spectra. The inner and outer 
collection angles for the STEM images (β1 and β2) were 62 and 129–140 mrad, respectively, 
with a convergence semi-angle of 35 mrad. The beam current was about 15 pA for the ADF 
imaging and EELS chemical analyses. All imaging was performed at room temperature. 
Devices fabrication and transport measurement. Few-layer MoTe2 crystals with the thickness 
ranging from 2 nm to 30 nm were firstly identified by their color contrast under optical 
microscopy.  Then small markers were fabricated using standard e-beam lithography (EBL) near 
the identified sample for subsequent fabrication of Hall-bar devices. To obtain a clean interface 
between the electrodes and the sample, in situ argon plasma was employed to remove the resist 
residues before metal evaporation without breaking the vacuum. The Ti/Au (5/70 nm) electrodes 
were deposited using an electron-beam evaporator followed by lift-off in acetone. Transport 
experiments were carried out with a standard four-terminal method from room temperature to 0.3 
K in a top-loading Helium-3 refrigerator with a 15 T superconducting magnet. A standard low-
frequency lock-in technique was used to measure the resistance with an excitation current of 10 
nA. Angular-dependent measurements were facilitated by an in situ home-made sample rotator. 
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Figure and Figure Caption 
 
Figure 1 | Structural and transport characterization of the as-synthesized 1Td-MoTe2 
samples. a, Optical images of monolayer (1L), bilayer (2L), trilayer (3L) and few layers of as-
synthesized MoTe2. The size of the monolayer sample can reach up to 100 µm. b, Raman spectra 
of the few-layer MoTe2 samples. Raman peaks were observed at 127, 161, and 267 cm-1, 
corresponding to the Ag modes of 1Td-MoTe2. c, Atomic resolution STEM image of few-layer 
1Td-MoTe2. Simulated STEM images of few-layer MoTe2 in 1T’ and 1Td stacking viewed along 
[001] zone axis are shown next to the experimental image, respectively. Compared with the 
simulation, the stacking of the few-layer MoTe2 is confirmed to be the 1Td phase. d, 
Superconductivity in few-layer 1Td-MoTe2. The inset shows the temperature dependence of the 
reduced four-terminal resistance (ܴ ܴହ୏⁄ ) in the range from 0.3 K to 4.5 K, for MoTe2 devices 
with the thickness ranging from 2 to 10 nm.  
 
 
Figure 2 | Two-dimensional superconductivity in few-layer 1Td-MoTe2 crystals. a, b, 
Superconducting resistive transition of the 8.6-nm-thick MoTe2 crystal in perpendicular 
magnetic field (a) and in parallel magnetic field (b). c, Temperature dependence of the upper 
critical field μ0Hc2 corresponding to reduced resistance ݎ ൌ 0.5, with magnetic field directions 
parallel (ߤ଴ܪ௖ଶ,∥) and perpendicular (ߤ଴ܪ௖ଶ,ୄ) to the crystal plane. The dashed line is fitting to 
the 2D Ginzburg-Landau theory. The inset is a schematic drawing of the tilt experiment setup, 
where x, y, and z represents the crystallographic b, a, and c axis, θ is the out-of-plane tilted angle 
between the out-of-plane magnetic field Bout and the positive direction of z-axis, and φ is the in-
plane tilted angle between the in-plane magnetic field Bin and the positive direction of y-axis. d, 
Magnetic field dependence of the sheet resistance of the 8.6-nm MoTe2 device at T=0.3 K with 
different tilted angles θ. e, Angular dependence of the upper critical field μ0Hc2. The inset shows 
a zoom-in view of the region around θ=90º. The solid lines represent the fitting with the 2D 
Tinkham formula ฬு೎మሺఏሻ ୡ୭ୱఏு೎మ,఼ ฬ ൅ ൬
ு೎మሺఏሻ ୱ୧୬ఏ
ு೎మ,∥ ൰
ଶ
ൌ 1  (blue line) and the 3D anisotropic mass 
model (3D-GL) ൬ு೎మሺఏሻ ୡ୭ୱఏு೎మ,఼ ൰
ଶ
൅ ൬ு೎మሺఏሻ ୱ୧୬ఏு೎మ,∥ ൰
ଶ
ൌ 1 (green line), respectively. f, Voltage-current 
behavior (V-I) at different temperatures close to Tc plotted on a logarithmic scale. The black 
dashed line indicates the ohmic behavior expected in the normal state. The blue dashed line 
indicates ܸ ∝ ܫଷ, which corresponds to T= TBKT. g, Temperature dependence of the exponent α 
obtained from fittings data in (e) to ܸ ∝ ܫఈ . TBKT=1.47 K is obtained from the intersection 
between the experimental curve and the dashed black line α=3. 
  
 
Figure 3 | Enhanced in-plane upper critical field in few-layer 1Td-MoTe2. a, Magnetic field 
dependence of the resistance for 1Td-MoTe2 devices with various thicknesses from 2.7 nm to 9 
nm. The resistances and magnetic fields are normalized by the normal state resistance Rn and the 
Pauli limit Hp, respectively. b, Normalized in-plane upper critical field ܪ௖ଶ,∥/ܪ௣ as a function of 
sample thickness d. The purple dashed line is a guide to the eye. c, Normalized upper critical field 
ܪ௖ଶ/ܪ௣ as a function of reduced T/Tc for few-layer MoTe2. The black dashed line denotes the 
Pauli limit Hp. 
 
 
 
 
 
 
 
  
  
Figure 4 | Two-fold symmetry of in-plane upper critical field ܪ௖ଶ,∥ . a, Magnetic field 
dependence of the sheet resistance of the 3-nm-thick MoTe2 device at T = 0.3 K (T = 0.07 Tc) 
with different in-plane tilted angles φ.  b, Angular dependence of the in-plane upper critical field  
normalized by Pauli limit ܪ௖ଶ,∥/ܪ௉. The experimental data are measured at 0.07 Tc, 0.35 Tc, 0.6 
Tc, and 0.95 Tc. The theoretical value of ܪ௖ଶ,∥ at T=0 K is plotted to show the two-fold symmetry 
consistent with the experimental data at low temperature. The dashed lines are the asymptotic 
curves to show the two-fold symmetry maintains at T=0.35 Tc, 0.6 Tc, and 0.95 Tc. c, 
Temperature dependence of the normalized in-plane spin susceptibility ߯ௌ ߯ே⁄  along x and y 
direction respectively. The inset is the polar plot for the zero temperature normalized spin 
susceptibility. d,e, The temperature phase diagram for the superconducting state with anisotropic 
SOC under x (d) and y (e) oriented in-plane magnetic field respectively. 
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